Abstract: Interest in vascular causes for cognitive impairment is increasing, in recognition that such causes are common, and possibly preventable. This has led to attempts to better define vascular dementia and its natural history. Several sets of criteria for the diagnosis of vascular dementia have been proposed. We provide a brief overview of the background to the initiation of a Canadian consensus conference, established by the Consortium of Canadian Centres for Clinical Cognitive Research (C5R) and report the conclusions reached at that conference. To date, no one set of criteria is demonstrably superior to another; we have therefore not endorsed any of the competing sets, nor have we recommended our own. Instead we suggest that empiric studies are required to establish valid criteria. A diagnostic checklist, which combines existing criteria and additional data, is attached for clinicians wishing to participate in such studies.
The considerable current and future burden posed to society by dementing illnesses is often underappreciated. It has been estimated that the cost of caring for those with dementia (acquired, global, progressive cognitive impairment) exceeds the combined costs of heart disease and cancer. 1 In consequence, the study of dementia is receiving increased attention. With this increased attention has come an increased recognition of vascular causes of dementia, and the important potential for prevention. Much controversy about vascular dementia exists, however. 25 This is in part due to persisting controversy about the definition of the syndrome, the relationship between vascular brain injury and dementia, 2 and the difficulty in distinguishing vascular dementia from Alzheimer's disease in life. 6 " 10 Two recent proposals for changes in the diagnostic criteria for vascular dementia lay the groundwork by which some of these controversies might be addressed." 12 Although the validity of neither set of criteria has been established in any published study, 13 the criteria potentially have fundamental implications for our understanding of the epidemiology, mechanisms and potential prevention and treatment of vascular dementia.
THE CONSENSUS CONFERENCE
To determine how Canadian investigators might diagnose vascular dementia, a consensus conference was held on June 15, 1993 in Toronto, in conjunction with the Canadian Neurological Sciences Congress. The conference was organized under the auspices of the Consortium of Canadian Centres for Clinical LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES Cognitive Research (C5R) which was formed in 1992 by a group of investigators interested in collaborative work on dementia. All members of the C5R were invited to attend the conference, and the conference was publicised through the CCNS conference advertising, and to members of the Canadian Study of Health and Aging network. The conference was open to any interested investigator. The conference was attended by approximately 70 people, and included neurologists, geriatricians, neuropsychologists and epidemiologists.
At the conference, small group discussions were led by each of the co-authors, who also made invited contributions. From this, a consensus statement was proposed at the meeting. Subsequent modifications of the statement were made in successive rounds of discussions and mailings, some of which also included comments from the members of the C5R executive. The authorship of the document remained unchanged after its inception.
BACKGROUND

Historical overview
Several commentators have noted the resurgence of the concept of vascular dementia.
1517 Early thinking about dementia viewed the cause as "hardening of the arteries", giving rise to chronic hypoperfusion. With the rise of interest in Alzheimer's disease, the notion of vascular dementia was gradually supplanted. For a time the standard thinking was that, in Western countries, (estimates from Japan and the East have always been higher 18 ) "multi-infarct dementia", as it was usually called, accounted for no more than 15% of dementia cases, and even that figure was thought by some to be an overestimate. 6 Multi-infarct dementia, a term coined before the widespread use of CT scans and defined as dementia arising as a consequence of multiple strokes, was often incorrectly used as a synonym for vascular dementia, "overshadowing the search for other possible causes". 2 With a broadening of the concept of vascular dementia, and with the advent of better and more accessible neuroimaging, some now argue that, alone or in combination with Alzheimer's disease, a vascular cause is present in up to 50% of Western cases of dementia. 16 The true frequency of vascular dementia remains unknown. This is a consequence of both the problem of definition and the lack of unbiased (i.e. population-based) studies. For example, while Tatemichi et al. state that, from autopsy series, cerebral infarction accounts for up to 25% of all dementias 19 -with another 15% mixed AD and vascular -clinical studies reveal only 15%.' 7 Interest in better defining vascular dementia -and thus determining its frequency -increases, and is driven by the potential for prevention. Hachinski's "call for action against the vascular dementias" 3 has thus received widespread support. In this context, new vascular dementia criteria have been developed."
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Current Concepts and Controversies
While it is readily appreciated that multiple strokes can give rise to acquired, global cognitive impairment, there is dispute about how to classify dementia arising from well-known stroke syndromes, from single strategic strokes, from small vessel disease and white matter changes, from hypoperfusion or from other non-stroke cardiovascular causes. Fundamental questions also remain about the mechanisms of vascular dementia.
Diagnostic criteria arising from a view of dementia dominated by the dementia syndrome of Alzheimer's disease may not reflect dementia syndromes arising as a consequence of vascular causes.
2 -4 Indeed, Erkinjuntti and Hachinski have argued that "dementia as an identifier could well be abandoned, and the focus should be early changes in a person's cognitive abilities, personality and mood, which may be signalling the prelude to early vascular dementia." 2 This is a fundamental question in the elucidation of the vascular dementia syndrome, not least because some investigators, including conference participants, believe that it is inappropriate to include cognitive impairment short of dementia in the definition of this syndrome.
The notion that chronic cerebral ischemia may give rise to dementia without causing frank infarction has generated much controversy. Although chronic hypoperfusion is known to give rise to kidney failure and/or to heart failure in the absence of frank infarction, 2 '-22 there has been reluctance to accept this as a possible mechanism of vascular dementia," 12 as it too strongly harkens back to the old "hardening of the arteries" concept. 210 Indeed, Tatemichi has explicitly stated that there should be little vascular dementia arising which cannot be explained by the focal effects of cerebral infarcts. 10 Similarly, Marshall in a review of cerebral blood flow studies in vascular dementia states that "reduction in CBF [cerebral blood flow] does not cause vascular dementia". 20 On the other hand Brun and Englund 23 observed histopathologic changes in the cerebral white matter of demented patients, which they attributed to "incomplete infarction". It has been suggested that such changes may result from chronic ischemia caused by arteriolosclerosis 24 or amyloid angiopathy 25 of the long perforating arteries to the white matter. In addition, Vinters and Mah, in consideration of the nonischemic pathologic changes seen in the cerebral cortex of patients with cerebral amyloid angiopathy (with and without Alzheimer's disease) speculate that vascular dementia may occur via currently unknown mechanisms that need not include frank infarction. 26 
Diagnostic criteria
Several sets of diagnostic criteria for vascular dementia exist, namely: the Hachinski Ischemic Score, 27 and its modified version; 28 the ICD-9 definition of arteriosclerotic dementia; 29 the ICD-10 definition of vascular dementia; 30 the DSM-III and DSM-III-R definitions of multi-infarct dementia; 31 -32 the CAMDEX definition of multi-infarct/vascular dementia; 33 and the vascular dementia criteria of Erkinjuntti.
34 - 35 These criteria contain variable mixes of clinical, neuropsychologic and radiographic characteristics. The most recent criteria are those proposed by the California Alzheimer Treatment Centres," and jointly by an American/European consensus group (NINDS/AIREN). 12 We will next focus on these two.
Both the California and NINDS-ARIEN criteria are conceptually similar but differ in several details. The basic requirements for a diagnosis of vascular dementia are: a) the presence of dementia; b) evidence of vascular brain lesions; and c) an appropriate temporal relationship between the two. The California criteria include a newly stated definition of dementia, whereas the NINDS-AIREN criteria define dementia according to the 10th revision of the Neurological Adaptation of the International Classification of Diseases (ICD-10NA). 30 Both sets of criteria indicate the importance of neuropsychological
assessment in the diagnosis of dementia but point out that the ideal battery of tests has not yet been developed and validated.
The criteria differ in the types of vascular brain lesions which they include. The California criteria exclude haemorrhagic lesions whereas the NINDS-AIREN criteria include them. The NINDS-AIREN criteria also recognize dementia arising from cardiac causes as vascular dementia; the California criteria do not.
Both sets of criteria require a brain imaging study (either CT or MR) to define the presence of vascular brain lesions. Although in either set a solitary infarct is sufficient, provided that its occurrence immediately precedes the onset of dementia, neither recognizes vascular dementia arising from chronic hypertension without radiographic evidence of ischemic damage. Diffuse white-matter changes on CT or MR scans are not a requirement for diagnosis, though their presence is considered supportive.
Both sets of criteria define definite, probable, and possible cases, and specify features that cast doubt on the diagnosis of vascular dementia. The California criteria specify that a diagnosis of "mixed dementia" be made in the presence of one or more systemic or brain disorders that are thought to be causally related to the dementia. The NINDS-AIREN criteria avoid using "mixed dementia" and instead use "Alzheimer's disease with cerebrovascular disease" to classify patients who fulfill the clinical criteria for possible Alzheimer's disease and who also present clinical or imaging evidence of relevant vascular brain lesions. The NINDS-AIREN criteria include dementias arising as a consequence of hypoperfusion from cardiac dysrythmias and pump failure, but the California criteria do not.
Both sets of criteria have been criticized. Drachman, in an editorial accompanying the NINDS-AIREN criteria, noted that there is likely to be persisting argument over which cases to include, how to ascribe causality to the lesions seen, how to interpret the neuroimaging studies, and how to view the effects of ischemia on brain function in the absence of strokes.' 3 He suggested a few remedies, including the introduction of the notion of "primary" and "secondary" vascular dementia. He found it particularly striking that the NINDS-AIREN criteria would include all stroke patients with subsequent intellectual loss and suggested that the term "stroke with secondary dementia" be used when the dementia is associated with a recognized stroke syndrome, and "primary vascular dementia" when there is no recognized stroke syndrome. There is also concern that the focus on dementia will mean that patients with mild cognitive impairment short of dementia (who could stand to benefit most from intervention) will not receive sufficient attention. 
Neuropsychology of vascular dementia
Patients with vascular brain injury display a variety of patterns of impairment on neuropsychologic tests, as might be expected given that the vascular lesions may affect different parts of the brain. Attempts to categorize neuropsychologic patterns of impairment have had incomplete success, 3536 and remain controversial. In general, patients who have well circumscribed deficits explicable on the basis of cerebral infarcts demonstrated by CT or MR usually do not pose diagnostic problems. 25 Multiple, small subcortical infarcts which typically involve the white matter around the anterior horns of the lateral ventricles, the head of the caudate nucleus, and the putamen, can produce neuropsychological signs of frontal lobe dysfunction even in the absence of clinically detectable dementia. 37 - 38 How these findings should be translated into routine tests for clinical practice remains unclear. In addition, it is important to note that some cerebral infarcts are, by current test standards, both neuropsychological^ and clinically silent. 20 -39 More controversial are the neuropsychologic correlates of diffuse white matter changes seen on brain imaging studies. Some investigators have found that the changes are associated with cognitive impairment, 4042 while others have not. 4346 Such discrepancies are probably explicable on the basis of selection bias, different definitions of cognitive impairment, interobserver variation in the definition of the white matter changes, and the heterogeneity of the underlying histopathologic changes.
Vascular dementia is a syndrome and not a single disease entity. Whether there exists a pattern of cognitive deficits, detectable by neuropsychologic testing, that can be considered characteristic of this syndrome remains an important question.
Neuroimaging of vascular dementia
CT and MR are the radiographic techniques most often used in studies of vascular dementia. Interest has focused on two types of lesion: infarcts and white matter changes. MR is more sensitive for the detection of small infarcts than CT. Brown et al. 47 found that CT detected 64% of the small deep infarcts that were detected by MR in patients examined retrospectively. Larger infarcts, however, are detected well by both CT and MR. Patients with dementia more often have supratentorial cortical infarcts than small deep ones. 48 The interpretation of neuroradiographically-imaged white matter changes in the brain has been a source of persisting controversy. In 1987, Hachinski et al. proposed the term "leukoaraiosis" to describe the white matter rarefaction seen on CT scans, but noted that this did not imply an associated cognitive deficit, or a mechanism of causation. 49 In consequence, it is possible to define separately the clinical, radiographic and pathological findings. As noted above however, the neuropsychologic correlates of white matter changes are unclear, both for patients with dementia and for apparently healthy volunteers.
MR is more sensitive than CT in detecting periventricular and other white matter abnormalities. For example, Kobari et al. 50 showed that 68% of 31 normal and demented patients had abnormally high periventricular signal on MRI, but only 45% of these patients had leuko-araiosis on CT. Of 6 neurologically normal elderly volunteers, 5 had periventricular signal abnormalities on MRI, but no leukoaraiosis on CT. On the other hand, this sensitivity is offset by low specificity; white matter abnormalities demonstrated by MR are due to a variety of histopathological changes, e.g., swollen myelin sheaths, loss of myelin and oligodendroglia with relative preservation of axons, cystic change resulting from destruction of both axons and myelin, edema, subependymal glial accumulations, and dilated perivascular (Virchow-Robin) spaces (etat chble).
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CT is nevertheless reasonably sensitive to white matter changes in the brain. 53 - 54 Inzitari et al. 55 detected leuko-araiosis by CT in 49/140 (35%) demented patients, compared with 12/110 (11%) control subjects, and found that a history of stroke was four times more frequent in patients with leuko-araiosis than in those without. In another study of 275 normal and demented subjects aged 23-85 years, George et al. 56 found that white matter lucencies on CT were more common in demented patients than in normal subjects, but the difference was not statistically significant, and that the severity of the changes was not related to the degree of dementia. Through the widespread use of brain imaging in clinical medicine, it has become clear that not all cerebral infarcts are associated with a recognized stroke illness. This situation is analogous to that of silent myocardial infarction in which diagnostic electrocardiographic abnormalities are found in a patient who has not experienced any cardiac symptoms. The occurrence of silent cerebral infarction has the potential to result in underdiagnosis of vascular dementia if such a diagnosis is dependent on a history of a stroke. Conversely, if a silent cerebral infarct is an "incidental" finding in a patient who, in fact, has Alzheimer's disease, over-reliance on brain imaging studies will tend to result in over-diagnosis of vascular dementia. The frequency of silent cerebral infarction in the general population is unknown. Data from the Framingham Study 57 and the Stroke Data Bank 58 indicate that about 10% of patients who come to medical attention because of ischemic stroke have CT scan evidence of a previous asymptomatic cerebral infarct. The potential effect of neuroimaging on reclassification can be estimated from a recent report from Sweden. 59 Skoog et al. investigated prevalence and causes of dementia in 494 people aged 85 and older. Prior to having the CT scan report, clinicians diagnosed Alzheimer's disease in 46 cases, vascular dementia (using the Erkinjuntti 8 criteria) in 42 cases, and other dementias in 11 subjects. After the CT scan report was known, these diagnoses were changed in 10 cases (10%), so that 37 cases were said to have Alzheimer's disease, 57 had vascular dementia, and 10 had other dementias.
In brief, technical and economic considerations make it impractical to mandate the use of MRI in the diagnosis of vascular dementia. Furthermore, the logistical and economic implications would be prohibitive. Given the widespread availability of third and fourth generation CT scanners, which produce excellent images, a requirement for neuroimaging in support of a diagnosis of vascular dementia is feasible in this country. Correlation of neuroimaging and cognitive impairment faces a special challenge from supposed "silent" cerebral infarctions, particularly in patients who may have Alzheimer's disease or another cause of dementia. Including neuroimaging data in the operational definition of vascular dementia makes it impossible to evaluate both the contribution of neuroimaging and the question of vascular cognitive impairment in chronic ischemia without frank infarction. Careful clinical follow-up with neuropathologic confirmation will be particularly important in these patients.
Neuropathology of vascular dementia
Neuropathologic confirmation of clinical changes provides the "gold standard" in most neurologic diagnosis. That this is not the case in vascular dementia is evident from the realisation that vascular dementia is a syndrome, not a disease. While it might nevertheless be hoped that clinical-pathologic correlation between focal infarcts and their clinical effects will result in final confirmation of many cases of vascular dementia, conceptual and technical challenges remain. One such conceptual challenge is that of finding appropriate correlates of vascular cognitive impairment without frank infarction.
From a technical standpoint, infarcts collapse with the age of the infarct, potentially confounding the relationship between infarct volume and effect. In addition, determining the volume of lesions is quite difficult for white matter infarcts.
Despite these obstacles, neuropathologic diagnosis must of course be carried out. The most widely used criterion has been the presence of ischemic brain lesions in the absence of Alzheimer or other diagnostic changes. 2 1. Given the possibility for prevention of an important source of morbidity, studies of vascular dementia are necessary and important. 2. As there is little empiric study which validates existing criteria, or establishes their widespread generalizeability, no set is demonstrably superior to any other set. 3. Future studies of vascular dementia should therefore incorporate studies of the existing criteria, where possible with neuropathologic confirmation. As the site, frequency and volume of lesions that may cause important cognitive impairment will vary, neuropathologic confirmation requires careful clinical-pathologic correlation. 4. An important area for further study is the very notion of vascular "dementia"; data may show that "vascular cognitive impairment" 60 is a more apt term, as a focus for prevention. 5. Further studies of criteria for vascular cognitive impairment should include both population-based and clinic-based samples. 6. In the diagnosis of vascular dementia, clinical, neuroradiographic, neuropathologic and neuropsychologic criteria should be investigated and correlated. A multidisciplinary approach is therefore important. 7. The societal need for prevention requires a broad focus; the scientific need for precision requires careful classification. Both needs can likely be met by a broad classification with detailed categories contained therein. The best method of categorization (by cause, by clinical presentation, by radiographic appearance) has yet to be determined. 8. Widespread voluntary use by clinicians seeing patients with vascular neurologic disease of a diagnostic checklist which incorporates both existing criteria and data likely to meet criticisms of these criteria could provide important information on their measurement properties. A sample form is attached, and further information on participation in this study, which will include tests of validity and reliability, can be obtained from any co-author, or from the C5R secretariat.
CONCLUSION
Given the potential for prevention and treatment of this form of dementia, a precise understanding of its prevalence is desirable. 3 As there is potential for bias in coming too quickly to conclusions about what is and what is not vascular dementia, we have developed a broadly focused consensus statement. At the same time, we have attempted to meet the scientific need for precision by proposing that specific subtypes of vascular dementia be validated within this broad conceptual framework.
We believe that many of the controversies raised by the competing sets of diagnostic criteria for vascular dementia can be cast as empiric questions, which may then be further investigated. We invite our colleagues to take part in national clinic-based and population studies of these issues. 
